This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the

University of California.



Finding Room for Improvement in Transition Metal Oxides Cathodes for

Lithium-ion Batteries

Kinson C. Kam and Marca M. Doeff
Materials Sciences Division
Lawrence Berkeley National Laboratory
University of California
Berkeley, CA. 94720. U.S.A.
kckam@Ibl.gov, mmdoeff(@lbl.gov

Energy storage using rechargeable lithium-ion batteries has become an integral part of
our modern lifestyle. They have been used or are being considered for use in a wide
range of applications from portable electronics to vehicular applications. Since the
commercialization of LiCoO,, other layered transition metal oxide variants (e.g. NMC
and NCA) have drawn major interest from battery companies. However, it is important to
address performance and safety aspects and minimize the cobalt content in the material
for reasons of cost and toxicity. These issues are particularly important for large-scale
applications. Some of our work focuses on reducing the amount of cobalt in NMCs
through metal substitution, without compromising their electrochemical properties. We
present here some results and challenges toward improving these mixed layered transition
metal oxides.
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